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©  Centrifugal  pump  for  very  thick  and/or  viscous  materials  and  products. 
  A  centrifugal  pump  for  very  thick  and/or  viscous  materi- 
als  and  products  comprises  a  screw  impeller  of  at  least  one 
start,  of  which  the  component  blade,  which  is  in  the  form  of  a 
helix  (8)  having  a  pitch  which  increases  in  the  material  feed 
direction,  has  a  slightly  conical  outer  profile,  is  wound  on  a 
highly  conical  core  (5)  smoothly  joined  to  a  base  disc  (6),  and 
at  its  downstream  terminal  portion  is twisted  towards  the  core 
(5)  to  assume the  configuration  of  a  delivery  vane  (9)  forming 
an  acute  angle  with  the  disc  (6)  and  disposed  a  chord  thereof, 
and  supporting  an  overlying  circumferential  ring  (10)  which 
defines  a  closed  delivery  duct  for  the  material. 



In  many  i n d u s t r i a l   s e c t o r s ,   thick  and  v iscous   m a t e r i a l s   which  a r e  

d i f f i c u l t   to  pump  have  to  be  c i r c u l a t e d   wi th in   r e s p e c t i v e   p l a n t s .  

For  example,  in  modern  plants   for  the  cont inuous   c o n c e n t r a t i o n   o f  

l iqu id   f o o d s t u f f s   and  in  chemical  process   p lan t s   very  high  c o n c e n -  

t r a t i o n s   and/or   t h i cknes s   levels   are  a t t a i n e d ,   in  p a r t i c u l a r   i n  

the  las t   s tages   of  the  process ,   such  as  to  make  normal  c i r c u l a t i n g  

pumps  i n e f f e c t i v e   to  the  point  of  causing  t h e i r   t o t a l   blockage.   Th i s  

is  due  to  the  fact   that   an  increase   in  product  c o n c e n t r a t i o n   l e a d s  

to  a  c o n s i d e r a b l e   r educ t ion   in  i t s   l i q u i d i t y ,   and  thus  to  a  c o n s i d e -  

rable   i n c r e a s e   in  the  f r i c t i o n   which  i t   encounters   as  it   p a s s e s  

through  t h e  c i r c u l a t i n g   pumps  and  conveying  p i p e s .  

Fur thermore ,   in  such  p lants   the  product  is  very  often  c o n c e n t r a t e d  

in  environments   under  vacuum.  Consequent ly ,   c i r c u l a t i n g   pumps  f o r  

handl ing  very  th ick   and/or  viscous  products   and  m a t e r i a l s   must  have 

high  suc t ion   c a p a c i t y   and  good  hydrau l i c   e f f i c i e n c y ,   and  must  have  

very  small  f r i c t i o n - g e n e r a t i n g   su r faces   and  large  product  p a s s a g e s .  

For  handl ing  th ick   or  viscous  p roduc t s ,   pumps  are  known  c o m p r i s i n g  

an  impe l l e r   s u b s t a n t i a l l y   in  the  form  of  a  screw  wound  at  a  c o n s t a n t  

pi tch  on  a  con ica l   core  and  having  a  conica l   outer   p r o f i l e ,   so  

that   the  head  de r ives   mainly  from  the  r e d u c t i o n   in  the  c r o s s - s e c t i o n  

of  the  f lu id   passage  duct  between  downstream  and  ups t r eam.  

In  these  known  pumps,  the  he l i ca l   screw  blade  reduces  in  h e i g h t ,  



by  v i r t u e   of  the  d i f f e r e n t   degree  of  taper  between  i t s   outer   edge 

and  the  core,  unt i l   i t   d i s a p p e a r s   at  the  f l a t   base  of  th i s   l a t t e r ,  

i n to   which  it  smoothly  j o i n s .   In  th is   manner,  a  t o r o i d a l   channe l  

d i sposed   at  the  end  of  the  screw  c o l l e c t s   the  l i qu id   in  order  t o  

enable   it  to  be  d i scharged   t a n g e n t i a l l y .   Said  t o r o i d a l   c h a n n e l ,  

which  can  be  l ikened  to  the  header  of  a  c e n t r i f u g a l   pump,  has  however 

a  mere  c o l l e c t i n g   f u n c t i o n ,   as  the  vanes  which  help  to  d e l i v e r   t h e  

l i q u i d   at  a  s u f f i c i e n t   v e l o c i t y   are  l a c k i n g .  

The  use  of  these known pumps  has  shown  that   they  have  good  t h r o u g h p u t  

and  h y d r a u l i c   e f f i c i e n c y   c h a r a c t e r i s t i c s ,   but  they  are  sub jec t   t o  

a  c o n s i d e r a b l e   de f i c i ency   in  hydrau l i c   e q u i l i b r i u m ,   and  thus  t o  

e x c e s s i v e   mechanical  unbalance  and  consequent ly   high  s t r e s s e s .  

Fu r the rmore ,   such  pumps  are  d i f f i c u l t   to  adapt  to  the  r e q u i r e m e n t s  

of  d i f f e r e n t   p lants   because  reducing  the  impe l l e r   d iameter   r e s u l t s  

in  an  unaccep tab le   r educ t ion   in  the  main  pump  c h a r a c t e r i s t i c s   such 

as  t h r o u g h p u t ,   head,  suc t ion   capac i ty   and  e f f i c i e n c y .  

C i r c u l a t i n g   pumps  are  also  known  comprising  an  impe l l e r   with  t h r e e  

or  more  b lades ,   ie  compris ing  three   or  more  e q u i d i s t a n t   h e l i c e s  

which  are  wound  at  a  more  or  less  cons tant   p i tch   on  the  same  c o n i c a l  

c o r e .  

These  l a t t e r   known  pumps  have  the  drawback  of  passages   which  r educe  

in  s i ze   as  the  number  of  h e l i c e s   i n c r e a s e s ,   and  thus  have  very  l a r g e  

f r i c t i o n - g e n e r a t i n g   su r f aces   which  oppose  the  c i r c u l a t i o n   of  t h i c k  

and  v i scous   p r o d u c t s .  

Vortex  pumps,  ie  with  t h e i r   impe l l e r   set  back,  are  also  known  and 

have  proved  p a r t i c u l a r l y   s u i t a b l e   for  handl ing  p roduc ts   of  h i g h  

v i s c o s i t y   but  have  a  poor  suc t ion   c a p a c i t y ,   very  low  e f f i c i e n c y  

and  e x c e s s i v e l y   f l a t   c h a r a c t e r i s t i c   c u r v e s .  

Thus  g e n e r a l l y   the  known  types  of  c i r c u l a t i n g   pumps  have  a c c e p t a b l e  

o p e r a t i o n   for  m a t e r i a l s   of  r e l a t i v e l y   low  t h i cknes s   or  v i s c o s i t y ,  

whereas  the  use  of  the  same  pumps  for  those  very  th ick   and  v i s c o u s  



products   which  are  obtained  from  modern  m u l t i - s t a g e   c o n c e n t r a t i o n  

p lants   r e s u l t s   in  a   d r a s t i c   r educ t ion   in  the i r   th roughput ,   head 

and  e f f i c i e n c y   c h a r a c t e r i s t i c s   and,  an  s t a t e d ,   the  pump  can  become 

blocked  in  c e r t a i n   cases  thus  leading  to  stoppage  of  the  plant  and 

i t s   obvious  c o n s e q u e n c e s .  

Moreover,  the  best  and  most  e f f i c i e n t   known  pumps  are  l imi ted   i n  

t h e i r   a p p l i c a t i o n   to  the  ex tent   that   they  can  handle  th ick  m a t e r i a l s  

or  suspens ions   c o n t a i n i n g   a  maximum  of  30%  of  sol id   r e s i d u e ,   and 

viscous  m a t e r i a l s   or  s o l u t i o n s   having  a  maximum  v i s c o s i t y   of  40° 

E n g l e r .  

The  present   patent   provides   and  p r o t e c t s   a  pump  of  spec ia l   d e s i g n ,  

which  is  able  to  handle  th ick  products   con ta in ing   up  to  40-45%  o f  

sol id   r e s idue ,   and  v iscous   products   having  a  v i s c o s i t y   of  up  t o  

60-65°  Engler,   while  o f f e r i n g   th roughpu t ,   e f f i c i e n c y   and  head 

c h a r a c t e r i s t i c s   which  are  very  close  to  those  r e l a t i v e   to  normal 

l iqu id   p r o d u c t s .  

These  ob jec t s   are  a t t a i n e d   wi thin   the  context   of  a  simple  and  r a t i o n a l  

c o n s t r u c t i o n .  

The  pump  according  to  the  i n v e n t i o n   is  of  c e n t r i f u g a l   type,   p r o v i d e d  

with  an  impe l le r   compris ing  one  or  two  b lades ,   p r e f e r a b l y   two  b l a d e s ,  

which  extend  upstream  in  the  form  of  two  h e l i c a l   blades  wound  on  a  

conica l   core  at  a  p i tch   which  decreases   towards  the  ver tex   of  t h e  

core.   In  other  words,  s t a r t i n g   from  the  ma te r i a l   i n l e t ,   the  f i r s t  

por t ion   of  each  blade  is  in  the  form  of  a  he l ix   having  a  p i tch  which  

i n c r e a s e s   from  upstream  to  downstream  and  wound  about  a  h i g h l y  

conical   core,   the  he l ix   having  a  s l i g h t l y   conica l   outer  p r o f i l e .   I n  

proximity  to  the  base  of  the  core  where  th is   l a t t e r   smoothly  j o i n s  

into  a  p la te   or thogonal   to  the  impe l le r   ax is ,   said  hel ix   is  t w i s t e d  

so  that  i t s   las t   po r t ion   is  in  the  form  of  a  de l ive ry   vane  which 

forms  an  acute  angle  with  said  or thogonal   p l a t e ,   and  is  d i s p o s e d  

along  a  chord  of  th is   l a t t e r   which  is  very  close  to  i t s   c i r c u m f e -  

r e n t i a l   edge .  



The  vane  l ies   between  said  p la te   and  an  upper  r ing ,   and  t h e s e  

define  the  d e l i v e r y   s ec t i on   for  the  pumped  p r o d u c t .  

Because  of  the  p r e f e r a b l e   use  of  two  he l ices   and  r e s p e c t i v e   v a n e s ,  

the  impel ler   is  p e r f e c t l y   ba lanced,   and  i t s   i n l e t   pa r t ,   in  which 

the  he l i ce s   have  t h e i r   po r t i ons   of  smaller   p i t ch ,   provides   h i g h  

suc t ion   capac i ty   which  enables   it   to  operate  c o r r e c t l y   even  when 

i t s   suc t ion   side  is  connected  to  an  environment  under  vacuum. 

In  a d d i t i o n ,   the  i n t e r m e d i a t e   g r e a t e r - p i t c h   po r t ions   of  said  two 

he l i ce s   form  a  member  for  a x i a l l y   t h r u s t i n g   the  m a t e r i a l ,   which  i s  

thus  fed  in  compact  form  to  the  i nc l i ned   chordal  vanes  which  

toge the r   with  said  upper  ring  c o n s t i t u t e   an  extremely  e f f e c t i v e  

c e n t r i f u g a l   d e l i v e r y   member.  The  fact   that   the  outer   p r o f i l e s   o f  

the  he l i ce s   are  s l i g h t l y   con ica l   whereas  the  connect ing   core  i s  

highly  conical   means  that   two  p a r t i c u l a r l y   large  passages  o f  

dec reas ing   c r o s s - s e c t i o n   are  provided  which  as  s t a t ed   enable  t h e  

pump  to  handle  very  th i ck   and  very  viscous  products   wi thout   any 

s i g n i f i c a n t   a l t e r a t i o n   in  i t s   th roughput ,   head  and  e f f i c i e n c y  

c h a r a c t e r i s t i c s .  

The  c o n s t r u c t i o n a l   c h a r a c t e r i s t i c s   and  meri ts   of  the  i n v e n t i o n   w i l l  

be  more  apparent   from  the  d e t a i l e d   d e s c r i p t i o n   given  h e r e i n a f t e r  

with  r e fe rence   to  the  f i g u r e s   of  the  accompanying  drawings,   which  

i l l u s t r a t e   a  p a r t i c u l a r   p r e f e r r e d   embodiment  the reof   by  way  o f  

n o n - l i m i t i n g   example .  

Figure  1  is  an  ax ia l   s e c t i o n   through  the  i nven t ion   in  the  embodiment 

comprising  two  i m p e l l e r s .  

Figure  2  is  a  p e r s p e c t i v e   f r o n t - s i d e   view  of  the  pump  i m p e l l e r .  

Figure  3  i s  a   l o n g i t u d i n a l   s ec t i on   through  the  i m p e l l e r .  

Figure  4  is  a  f ron t   view  t h e r e o f .  



From  said  f i g u r e s ,   and  in   p a r t i c u l a r   Figure  1,  it  can  be  seen  t h a t  

the  i nven t ion   comprises  a  s t a t o r   element  or  casing  1  in  which  t h e r e  

is  provided  a  f r u s t o - c o n i c a l   chamber  2  compris ing  a  suc t ion   p o r t  

3.  At  the  opposi te   end  to  this   l a t t e r   there  is  a  normal  volute   4 

for  c o l l e c t i n g   and  evacua t ing   the  mate r ia l   or  product .   The  two 

f ixed  bodies  which  form  the  ope ra t ing   chamber  2  and  c o l l e c t i o n  

vo lu te   4  are  joined  t o g e t h e r   by  r e s p e c t i v e   f l a n g e s ,   between  which 

s u i t a b l e   seal  gaskets   are  i n t e r p o s e d .   In  the  f r u s t o - c o n i c a l   chamber 

2  at  the  end  compris ing  the  volute   4,  there  is  c o a x i a l l y   d i s p o s e d  

a  con ica l   core  5  which  is  smoothly  joined  at  i t s   base  to  a  t r a n s v e r s e  

disc  6,  th is   l a t t e r   being  driven  by  a  drive  shaf t   7  which  is  i d l y  

mounted  through  the  cas ing  1. 

The  core  5  extends  l o n g i t u d i n a l   s u b s t a n t i a l l y   through  2/3  of  t h e  

chamber  2,  and  the  cone  angle  at  i t s   ver tex   is  of  the  order  o f  

30°-40° ,   and  p r e f e r a b l y   3 6 ° .  

The  core  5  c o n s t i t u t e s   the  shank  from  which  two  equal  h e l i c a l l y  

ex tend ing   blades  8  branch,   t he i r   winding  p i tch   i n c r e a s i n g   in  t h e  

d i r e c t i o n   from  the  suc t ion   mouth  3  to  the  d e l i v e r y   volute   4.  More- 

over,   as  can  be  b e t t e r   seen  in  Figure  2,  the  f ront   ends  of  s a i d  

two  h e l i c e s   8  p ro jec t   beyond  the  ver tex  or  point   of  the  core  5 ,  

to  t e rmina t e   immediately  to  the  side  of  the  suc t ion   port  3,  whereas  

t h e i r   rear   te rminal   p o r t i o n s   g radua l ly   twis t   as  they  approach  t h e  

disc  6  by  being  bent  towards  the  core  5,  in  order  to  form  two 

d i a m e t r i c a l l y   opposing  vanes  9  which  t e rmina te   in  two  chamfered  

p o r t i o n s   99  disposed  in  l ine   with  the  c i r c u m f e r e n t i a l   edge  of  t h e  

disc  6.  Said  bending  is  c l e a r l y   v i s i b l e   in  Figure  4.  From  F i g u r e s  

3  and  4  i t   can  be  also  seen  that   the  two  vanes  9  form  an  a c u t e  

angle  with  the  base  disc  6  and  are  disposed  along  two  chords  which 

are  very  close  to  the  c i r c u m f e r e n t i a l   edge  of  said  d i s c .  

In  a d d i t i o n ,   said  vanes  9  are  disposed  in  f ron t   of  the  mouth  o f  

the  volu te   4  and  extend  a x i a l l y   through  a  d i s t a n c e   p r a c t i c a l l y  

equal  to  the  width  of  said  mouth  (Figure  1 ) .  



Immediately  upstream  of  t h i s   l a t t e r ,   ie  at  the  t e rmina l   downstream 

part  of  the  ope ra t ing   chamber  2 ,   there  is  provided  a  c i r c u m f e r e n t i a l  

recess   11  which  forms  a  seat  for  r ece iv ing   a  ring  10,  the  i n n e r  

sur face   of  which  forms  a  d i r e c t   c o n t i n u a t i o n   of  the  o p e r a t i n g  

chamber  2  and  acts  a s  t h e   element  by  which  th i s   l a t t e r   is  smoothly  

jo ined  to  the  volute   4.  Said  r ing  10  is  disposed  ove r ly ing   t h e  

two  d i a m e t r i c a l l y   opposing  chordal   vanes  9,  and  has  an  i n n e r  

t r a n s v e r s e   curva ture   which  exac t l y   follows  the  co r re spond ing   o u t e r  

p r o f i l e   of  the  twis ted  p o r t i o n s   of  the  he l i ce s   8,  with  which  i t  

is  r i g i d .  

Again,  as  can  be  c l e a r l y   seen  in  Figure  1,  the  r ing  10  and  t h e  

te rmina l   part  of  the  vanes  9  are  ex te rna l   to  the  con ica l   s u r f a c e  

def ined  by  the  ope ra t ing   chamber  2,  to  thus  form  a  d e l i v e r y   member 

which  is  of  large  diameter   and  thus  very  e f f i c i e n t   with  regard  t o  

head .  

F i n a l l y ,   the  outer  edges  or  p r o f i l e s   of  the  two  h e l i c e s   8  e x a c t l y  

f i t   ins ide   the  chamber  2,  of  which  the  cone  angle  at  the  v e r t e x  

is  between  13°  and  19°,  and  p r e f e r a b l y   16° .  

The  d i r e c t i o n   of  r o t a t i o n   of  the  impel le r   is  as  shown  by  the  a r row 

R  in  Figures  2  and  4 .  

It  is  apparent   at  th i s   point   tha t   the  double  b lading  8  means  t h a t  

the  descr ibed   impe l le r   is  p e r f e c t l y   balanced,   and  the  s m a l l - p i t c h  

f ron t   por t ions   of  the  two  h e l i c e s   8  provide  high  s u c t i o n   c a p a c i t y  

which  enables  the  pump  to  ope ra te   c o r r e c t l y   even  when  i t s   s u c t i o n  

side  is  connected  to  envi ronments   under  high  vacuum. 

In  a d d i t i o n ,   the  i n t e r m e d i a t e   l a r g e - p i t c h   por t ions   of  i n c r e a s i n g  

height   of  said  two  h e l i c e s   provide  a  member  for  a x i a l l y   t h r u s t i n g  

the  m a t e r i a l ,   which  is  fed  c o n t i n u o u s l y   and/or  in  compacted  form 

to  the  de l ive ry   member  c o n s t i t u t e d   by  the  two  vanes  9  and  ring  10,  

"o  as  to  enable  the  i n v e n t i o n   to  handle  very  th ick   and/or   ve ry  

viscous   p r o d u c t s .  



This  is  also  due  to  the  fact  that   combining  the  small  taper   of  t h e  

outer  p r o f i l e   of  the  he l i ces   8  with  the  accentuated   taper   of  t h e  

core  5  provides  a  pair  of  large  passages  of  decreas ing  c r o s s - s e c t i o n  

(Figure  1),  which  ensure  the  compacting  of  the  mater ia l   be ing  

pumped. 

E s s e n t i a l l y ,   by  v i r t ue   of  the  a f o r e s a i d   c h a r a c t e r i s t i c s ,   the  pumped 

f lu id   is  compelled  to  follow  a  path  which  is  i n i t i a l l y   p r a c t i c a l l y  

a x i a l ,   and  becomes  i n c r e a s i n g l y   more  r ad ia l   as  it   approaches  t h e  

d e l i v e r y   zone  defined  by  the  r ing  10.  

From  t e s t s   c a r r i ed   out  it  has  been  found  that   the  pump  unde r  

examinat ion  is  able  to  handle  very  th ick   and/or  very  v i s c o u s  

products   while  ma in ta in ing   i t s   main  e f f i c i e n c y ,   throughput   and 

head  c h a r a c t e r i s t i c s   p r a c t i c a l l y   equal  to  those  r e l a t i v e   to  m a t e r i a l s  

which  are  much  less  thick  and  much  less   v i scous ,   ie  s u b s t a n t i a l l y  

l i q u i d .  

The  same  t e s t s   have  shown  that   the  i nven t ion   is  able  to  handle  t h i c k  

products   or  suspens ions   c o n t a i n i n g   up  to  40-45%  of  dry  res idue   and 

viscous  products   or  s o l u t i o n s   of  v i s c o s i t y   up  to  60-65°  E n g l e r  

without  p rob lems .  

The  same  ope ra t ing   c h a r a c t e r i s t i c s   are  obtained  when  the  i m p e l l e r  

according  to  the  invent ion   comprises   a  s ing le   he l ix ,   obvious ly   o f  

the  a f o r e s a i d   type  and  combined  with  a  r ing  10. 

The  i nven t ion   is  not  l imi ted   only  to  the  embodiments  h e r e t o f o r e  

d e s c r i b e d ,   and  m o d i f i c a t i o n s   and  improvements  can  be  made  t h e r e t o  

without  leaving  the  scope  of  the  i n v e n t i v e   idea,   the  main  c h a r a c t e -  

r i s t i c s   of  which  are  summarised  in  the  fo l lowing  c l a i m s .  



1.  A  c e n t r i f u g a l   pump  for  very  thick  and/or  viscous  m a t e r i a l s  

and  products ,   of  the  type  comprising  a  f r u s t o - c o n i c a l   o p e r a t i n g  

chamber  (2)  and  provided  with  a  suc t ion   port  (3)  and  a  d e l i v e r y  

volu te   (4),  c h a r a c t e r i s e d   by  compris ing  a  screw  impel le r   of  at  l e a s t  

one  s t a r t ,   mounted  r o t a t a b l e   in  the  chamber  (2),   the  f i r s t   p o r t i o n  

of  i t s   blade  ex tend ing   in  the  form  of  a  he l ix   (8)  of  s l i g h t l y  

conica l   outer  p r o f i l e   and  of  p i tch   which  i n c r e a s e s   from  ups t r eam 

to  downstream,  and  being  wound  about  a  highly  conica l   core  (5)  

which  smoothly  jo ins   into  a  base  disc  (6)  o r thogonal   to the  axis  o f  

r o t a t i o n   (7),  the  l a s t   por t ion   of  the  blade  being  twis ted   by  b e n d i n g  

towards  the  core  (5)  to  assume  the  form  of  a  d e l i v e r y   vane  (9 )  

which  is  superposed  by  a  ring  (10)  r ig id   t h e r e w i t h   and  forms  an 
acute  angle  with  the  base  disc  (6),   and  is  o r i e n t a t e d   along  a 
chord  which  is  very  c lose  to  the  c i r c u m f e r e n t i a l   edge  of  t h i s  

l a t t e r .  

2.  A  pump  as  claimed  in  claim  1,  c h a r a c t e r i s e d   in  that  t h e  

free  end  of  said  at  l e a s t   one  de l i ve ry   vane  (9)  t e rmina te s   in  a 

chamfer  (99)  d isposed  in  l ine  with  the  c i r c u m f e r e n t i a l   edge  of  t h e  

base  disc  (6),  is  loca ted   in  f ront   of  the  mouth  of  the  d e l i v e r y  

volute   (4),  and  has  a  length  equal  to  the  width  of  said  mouth. 

3.  A  pump  as  claimed  in  claim  1,  c h a r a c t e r i s e d   in  that  s a i d  

r ing  (10)  has  an  a r cua te   t r a n s v e r s e   c o n f i g u r a t i o n   which  i n t e r n a l l y  

mates  exact ly   with  the  outer  p r o f i l e   of  said  at  l e a s t   one  h e l i x  

(8),   is  received  in  a  r e s p e c t i v e   c i r c u m f e r e n t i a l   seat  (11)  d i s p o s e d  

immediately  upstream  of  the  volu te   (4)  to  thus  form  a  d i r e c t  

c o n t i n u a t i o n   of  the  o p e r a t i n g   chamber  and  to  form  the  surface   which  

smoothly  jo ins   th is   l a t t e r   to  the  volute   (4) ,   and  extends  l o n g i t u d i -  

na l ly   such  as  to  involve   the  twis ted   te rminal   po r t ion   of  said  a t  

l eas t   one  he l ix   ( 8 ) .  

4.  A  pump  as  claimed  in  claim  1,  c h a r a c t e r i s e d   in  that  t h e  

r ing  (10)  and  the  t e rmina l   po r t ion   of  said  at  l e a s t   one  d e l i v e r y  



vane  (9)  are  loca ted   ex te rna l   to  and  as  a  c o n t i n u a t i o n   of  t h e  

conical   sur face   of  the  opera t ing   chamber  (2),  to  form  a  d e l i v e r y  

member  of  r e l a t i v e l y   large  d i a m e t e r .  

5.  A  pump  as  claimed  in  claim  1,  c h a r a c t e r i s e d   in  that  t he  

angle  at  the  ver tex   of  the  outer  p r o f i l e   of  said  at  l eas t   one 

hel ix   (8)  is  between  13°  and  19°,  and  the  angle  at  the  ver tex  o f  

the  core  (5)  is  between  30°  and  40° .  
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